Mitral valve replacement in dilated canine hearts with chronic mitral regurgitation. Importance of the mitral subvalvular apparatus.
The importance of the mitral subvalvular apparatus in terms of left ventricular (LV) mechanics and energetic efficiency in the chronically dilated canine heart was assessed in nine dogs with surgically induced mitral regurgitation. Miniature radiopaque tantalum markers were implanted into the myocardium to measure LV volume. Biplane cinefluoroscopic images obtained 1 week and 3 months after creation of mitral regurgitation confirmed the presence of LV dilatation. Mitral valve replacement with preservation of all chordae tendineae was then performed. LV systolic function and derived energetics were then assessed during transient caval occlusion both before and after chordal division by using exteriorized snares. Global LV systolic mechanics, as assessed by the slopes of the end-systolic pressure volume (Ees) and end-systolic stress volume (Ms) relations, fell by 46% (11.7 +/- 2.8 versus 6.3 +/- 1.4 mm Hg/ml, p less than 0.001) and 33% (17.8 +/- 4.0 versus 12.0 +/- 5.1 kdyne/cm5, p = 0.0001), respectively, when the chordae were divided. Chordal severing also increased systolic LV wall stress or LV afterload. In terms of calculated myocardial energetics, the slopes of the stroke work-end-diastolic volume and pressure volume area-end-diastolic volume relations declined significantly by 20% (85 +/- 14 versus 68 +/- 16 mm Hg) and 11% (116 +/- 20 versus 104 +/- 20 mm Hg) after cutting the chordae, thereby indicating reduced external stroke work and mechanical energy generated at any given level of preload. Moreover, the efficiency of energy transfer from pressure volume area to external stroke work fell by 19% (p less than 0.001). Since effective systemic arterial elastance (Ea) did not change, the Ea/Ees ratio (index of ventriculoarterial [V-A] coupling) increased from 0.93 +/- 0.27 to 1.67 +/- 0.62 (p = 0.006). Therefore, chordal division in dilated dog hearts due to chronic mitral regurgitation resulted not only in deterioration of systolic LV mechanics but also deleterious changes in calculated LV energetics and efficiency due to exacerbated mismatch in V-A coupling between the left ventricle and the systemic arterial bed, unfavorable loading conditions, and exhaustion of preload reserve. These observations in the low-pressure, volume-overloaded heart due to chronic mitral regurgitation underscore the importance of the mitral subvalvular apparatus for optimal LV systolic performance and energetic efficiency.